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Prevalence of obstructive lung disease in a general
population: relation to occupational title and
exposure to some airborne agents

Per S Bakke, Valborg Baste, Rolf Hanoa, Amund Gulsvik

Abstract
Background The importance of
occupational exposure to airborne
agents in the development of obstructive
disease is uncertain. Studying the rela-
tion in a community population has the
benefit of reducing the healthy worker
effect seen in studies of working popula-
tions.
Methods The prevalence of obstructive
lung disease was examined in a Nor-
wegian general population aged 18-73 in
a two phased cross sectional survey. In
the second phase a stratified sample
(n = 1512) ofthose responding in the first
phase was invited for clinical and
spirometric examination (attendance
rate 84%). Attenders were asked to state
all jobs lasting >6 months since leaving
school and to say whether they had been
exposed to any of seven specific agents
and work processes potentially harmful
to the lungs.
Results The prevalence of asthma and
chronic obstructive lung disease was
2-4% and 5 4%, respectively; spirometric
airflow limitation (FEVJ/FVC < 0 7 and
FEVy <80% of predicted values) was
observed in 4 5% of the population. All
jobs were categorised into three groups
according to the degree of potential air-
borne exposure. Having a job with a high
degree of airborne exposure increased
the sex, age, and smoking adjusted odds
ratio for obstructive lung disease
(asthma and chronic obstructive lung
disease) by 3-6 (95% confidence interval
1-3 to 9 9) compared with having a job
without airborne exposure; the associa-
tion with spirometric airflow limitation
was 1-4 (0 3 to 5 2). Occupational
exposures to quartz, metal gases,
aluminium production and processing,
and welding were significantly associated
with obstructive lung disease after
adjusting for sex, age, and smoking
habit, the adjusted odds ratios varying
between 2-3 and 2-7. Occupational
exposure to quartz and asbestos was sig-
nificantly related to spirometric airflow
limitation in people older than 50.
Conclusion Occupational title and
exposure to specific agents and work
processes may be independent markers
of obstructive lung disease in the general
population.

Mortality and morbidity from obstructive
lung disease has increased.`13 The role of
occupational exposure to airborne agents in
the development of the disease has been
examined in various community studies.'7
Examining the relation between occupational
exposure and obstructive lung disease in com-
munity samples rather than working popula-
tions has the advantage of reducing the effect
of healthy workers as subjects are studied
regardless of their present occupational state.
However, the characterisation of occupational
exposure in population surveys is imprecise,
having been based on self reported answers to
non-specific questions on exposure to dust,
gas, or fumes.57 Few studies have examined
the relation of specific agents to respiratory
disorders in a general population. In a report
including 1195 men from the Tucson study
subjects reporting exposure to silica and
fibreglass had higher age and smoking adjusted
rates of airways obstruction than did those
who were unexposed.4 A recent Dutch study
of 939 men (mean age 72) found an association
between chronic non-specific lung disease and
occupational exposures to organic dust, paint,
heat, and working outdoors, as assessed by a
job exposure matrix.8 Whether previous or
current occupational title is a marker for ob-
structive lung disease is not known.
The objectives of this survey of a Nor-

wegian general population were (a) to examine
the prevalence of obstructive lung disease by
sex, age, smoking habit, and area of residence
and (b) to assess the relation of obstructive
lung disease to airborne occupational
exposure as indicated by occupational title
and self reported exposure to some specific
agents and work processes.

Subjects and methods
STUDY POPULATION
The study was a two phased cross sectional
community survey. In the first phase, conduc-
ted from September to December 1985, a
questionnaire was posted to a random sample
of 4992 people from the 267 304 inhabitants
aged 15-70. years in the county of Hordaland,
Norway. The tounty is mountainous, broken
up by deep fjords. Most ofthe people live along
the coast line. Bergen is the only city and is
home to half the population of the county. In
1980 the working population of the county
worked in industry (21%), construction (9°%),
agriculture and fishing (5%), and private and
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Respondents to postal
questionnaire living in Bergen or
11 surrounding municipalities
n = 3370
(A)

Subjects invited
to the clinical
examination
n = 1512
(B)

Subjects attending
the clinical
examination
n = 1275
(C)

1 Self reported physician's diagnosis
of asthma or emphysema

(n = 127)

2 Self reported past or present
occupational exposure to asbestos or
quartz, excluding those in group 1

(n = 244)

3 Non-smokers without respiratory
symptoms excluding those in groups
1 and 2

(n = 737)

4 Complementary group
(n = 2262)

JEZE

O9V1E91FJ

0E22*-41 n = 513

*Sampling fraction
"See text for explanation

Second phase ofgeneral population survey of Bergen and 11 surrounding municipalities. Numbers ofpeople in each
stratum, of invited people, of attenders of clinical examination, and ofpeople used in multivariate analyses.

public services (64%).9 The main industries are
engineering, shipbuilding, food production,
and graphics and publishing. Net income per
head in 1987 was £6700.10 The mean annual
migration during 1986 to 1988 was 8453
subjects out of the county and 7421 into it."
The questionnaire asked for information on

smoking habits, occupational exposure to dust
or gas, and respiratory disorders. The response
rate was 90%.12 The respondents living in
Bergen and 11 surrounding municipalities
(n = 3370) were divided into four strata based
on the information obtained from the postal
survey (figure). The aims ofour survey were to
obtain precise estimates of the prevalences of
obstructive lung disease and occupational
exposure to asbestos or quartz in the general
population. Furthermore, a large subsample of
non-smokers without symptoms was necessary
to show the dispersion of lung function varia-
bles in a reference population with high pre-
cision. Thus a 0-91 random sampling fraction
of the subjects in strata 1-3 and a 0-22 random
sampling fraction of the subjects in stratum 4
were invited from April 1987 to August 1988 to
the Outpatient Chest Clinic, Department of
Thoracic Medicine, University ofBergen. The
examination included respiratory physiological
and clinical examination as well as characterisa-
tion of occupational exposure. The overall
attendance rate was 84% (1275/1512).

Prevalence estimates and bivariate analyses
are based on the 1275 attendants (figure,
column C), taking into account the sampling
fractions of the strata.13 Multivariate analyses
of exposure-disease associations were not per-
formed on all the attenders because the sample
was drawn with higher fractions of both
exposed and diseased subjects. Valid estimates
of exposure-disease association through
multivariate analysis were obtained from a
sample stratified by disease alone. Such a
sample was obtained by drawing a sample
fraction of0-22 from strata 2 and 3 as originally

done for stratum 4. When the observed atten-
dance rate of83% for people in strata 2 and 3 is
taken into account, a total of 179 subjects
should be included in the analysis. These 179
subjects (column D) were drawn at random
from the 740 people available in the two strata.
All multivariate analyses presented in tables
4-6 were performed on this sample of 714
subjects.

RESPIRATORY PHYSIOLOGICAL TESTS AND
CLINICAL EXAMINATION
The forced vital capacity (FVC) and the forced
expiratory volume in one second (FEVI) were
measured with a Gould 2100 pulmonary func-
tion spirometer (Gould Electronics BV
Medical Products, Bilthoven, the Nether-
lands). The spirometer was calibrated daily
with a 3-00 1 syringe. The ventilatory tests were
performed while the subject was seated and
wearing a nose clip. The subject was carefully
instructed in the procedure with standardised
instructions. At least three spirometric
measurements, in which the two largest FVC
were reproducible to within 300 ml, were
obtained from each subject. If eight trials were
performed without an acceptable measurement
the test was terminated. The largest FVC and
the largest FEV1 were used for analysis even if
they did not come from the same forced expira-
tions. The results are given as BTPS.

Subjects with spirometric airflow limitation
were defined as those with a ratio of FEV1 to
FVC of less than 0 7 and an FEV1 less than
80% ofpredicted values. Identical criteria were
recently used in a population survey in Copen-
hagen.'4 The applied regression coefficients for
FEV, from a Norwegian reference population"5
were in men: FEV, (1) = -4540
+ 5-742 x height (m) -0-032 x age (years),
and in women: FEVy (1) = - 1-220 + 3-278
x height (m)i-0-027 x age (years). The mean
FEV1 in non-smokers without symptoms in
this study was 102% (SD 12%) in women and

Subjects used for
the multivariate
analyses
n = 714
(D)

n = 97

n = 200

n = 179**

n = 540

n = 97

n = 438 n = 438
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99% (10%) in men. The applied reference
values should thus be relevant for the present
population. In sixteen subjects (1-3%)
spirometric results did not meet the criteria of
an acceptable measurement."6 For the sample
on which the multivariate analyses were per-
formed, eight subjects did not have acceptable
spirometric measurements and were excluded
from the analyses on spirometric airflow limita-
tion.
The clinical examination aimed at determin-

ing whether the subjects had obstructive lung
disease-that is, asthma or chronic obstructive
lung disease by diagnostic criteria applied in a
previous Norweigian survey.'5 Asthma was
diagnosed in those with a history of attacks of
shortness ofbreath at rest, with wheezing in the
chest changing in severity over short periods of
time, either spontaneously or after treatment.
At least one typical attack had to have occurred
within the previous six months. Chronic ob-
structive lung disease was diagnosed in those
with a history of chronic cough; phlegm when
coughing; breathlessness or wheezing, or both;
and a ratio of FEV, to FVC of less than 0 7.
The occupational exposure of the subjects

was not known to the physician making the
diagnostic decision or to the laboratory tech-
nician performing the spirometric tests.

CHARACTERISATION OF EXPOSURE
The examination included completion of a
questionnaire on smoking habits and all jobs
held lasting more than six months since leaving
school. Furthermore, the questionnaire asked
for past or present occupational exposure to
any of the following agents and work processes:
asbestos, quartz, wood dust, metal gases
(chromium, nickel, platinum), aluminium
production and processing, welding, and sol-
dering. The alternatives for answering were
''yes" and "no." The questionnaire was
checked for completeness by two members of
the survey team. For each job the occupational
title was obtained. The occupational titles were
coded according to the three digit numbers of

Table 1 Characteristics of attenders and non-attenders in second phase ofgeneral
population survey ofBergen and 11 surrounding municipalities

Attenders Non-attenders
Variable (n = 1275) (n = 237)

Sex:
Women (%) 49 47

Mean age (SD) (years)* 42 (16-1) 37 (16-9)
Smoking habit:t
Smokers (%) 29 27

Cigarettes/day (mean (SD) 15 (5-5) 14 (6-8)
Ex-smokers (%) 14 15
Non-smokers (%) 57 59

Area of residence:
Urban (%)t 68 68

Past or present occupational exposure to dust or
gas (%)t 32 30

Self reported physician's diagnosis of asthma (%)t 7 7

*Age on 31 December 1987.
tInformation from postal questionnaire.
tLiving in the municipality of Bergen.

the Nordic Classification ofOccupations, which
follows the recommendations of the Inter-
national Standard Classification of Occupa-
tions.'7 The occupations were allocated to
three exposure categories (AE -, no airbome
exposure; AE +, moderate degreee of airborne
exposure, and AE+ +, high degree of
airborne exposure) according to anticipated
airborne exposure in that particular occupa-
tion. The term airborne exposure included
dusts, fumes, mists, and gases.'8 This allocation
was performed by three experts in occupational
medicine and hygiene who did not otherwise
participate in the field work. Each subject was
categorised according to his or her present job
and the longest job held. The complete list of
occupations allocated to the three exposure
groups may be obtained from the principal
author (PB). Examples of AE + + occupations
were foundry workers, painters, and insulation
workers; of AE + occupations farmers,
greasers, weavers, and typographers; and of
AE - occupations teachers, fishermen, clerks,
and taxi drivers.
Non-smokers were defined as subjects who

had never smoked daily. Ex-smokers were
subjects who had smoked and had given it up.
Subjects were classified as smokers if they were
smoking daily at the time of the study.'9

ANALYSIS
Unpaired t tests were used to compare atten-
ders and non-attenders by sex, age, smoking
habit, occupational exposure state and self
reported physician's diagnosis of asthma. The
prevalence estimates presented in tables 2 and 3
and in the text are representative of the com-
munity because they are corrected for the
stratification as in a two phased sampling
procedure.'3 Frequencies were compared by
the exact test for fourfold tables. The multi-
variate relation of asthma, chronic obstructive
lung disease, and spirometric airflow limitation
with respect to sex, age, smoking habit, and
area of residence were examined by logistic
regression analysis. When the association bet-
ween disease and occupational exposure was
examined by logistic regression analysis,
asthma and chronic obstructive lung disease
were analysed as one group. Separate analyses
of those with asthma led to unstable regression
coefficients owing to the few asthmatic subjects
with exposure. The logistic regression analysis
went backwards, stepwise. For all analyses a
significance level of p = 005 was used. All
analyses were performed with the BMDP
package.20

Results
REPRESENTATIVENESS OF ATTENDERS IN
RELATION TO THOSE INVITED
The attenders and non-attenders in the second
phase of the study were comparable in sex
distribution but attenders were significantly
older (table 1). No significant difference was
found for smoking habit, prevalence of self
reported physician's diagnosis of asthma, or
self reported past or present occupational
exposure to dust or gas (table 1).
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Table 2 Estimated prevalences (percentages (SE)) of asthma, chronic obstructive lung
disease (COLD), and spirometric airflow limitation by sex, age, smoking habit, and area
of residence in general population of Bergen and)1 surrounding municipalities, 1987-8

Spirometricairflow
Variable n* Asthma COLD limitationt

Sex:
Men 653 1-5(0-4) 5-6(1 1) 4-8(1-0)
Women 622 30(08) 5-2(1 1) 4-2(10)

Age (years):
18-34 479 3-5 (1 0) 0-9 (0 6) 0-9 (0-8)
35-54 445 2-4(08) 3-4(1 1) 1-8(07)
55-73 351 0-6 (0 3) 13-5 (2-2) 11-2 (2 0)

Smoking habit:
Non-smoker 697 1 9(0 6) 2-0(0 7) 2-6(09)
Ex-smoker 225 1-4(0-8) 5-8(1-7) 4-3(1-7)
Smoker 353 3-0(1 0) 8-2(1-6) 5-6(1-3)

Area of residence:
Urban 861 1-7 (0-4) 6-4 (1 0) 5-4 (1-0)
Rural 414 3-7 (0-1) 3-3 (1 0) 2-7 (0 9)

Total 1275 2-4 (0 5) 5-4 (0 8) 4-5 (0-7)

*Sixteen subjects were excluded from analyses on spirometric airflow limitation because
criteria for an acceptable spirometric test were not met.
tFEV,/FVC < 0 70 and FEVy < 80% of predicted values.'5

DESCRIPTION OF SUBJECTS
Of the 1275 attenders, 38 had asthma, 65
chronic obstructive lung disease, and 52
spirometric airflow limitation. The mean age of
those with asthma was 40 and the mean FEV1
90% (SD 13%) ofpredicted values. The corre-
sponding figures in those with chronic obstruc-
tive lung disease was 56 and 63% (16%) and in
those with spirometric airflow limitation 58 and
60% (15%). In those with chronic obstructive
lung disease and spirometric airflow limitation
FEV1% predicted fell with increasing age,
being 10-15% lower in those aged 54-73 than
in those aged 18-34 years. This trend was not
evident among those with asthma.

ESTIMATED PREVALENCES OF AIRWAY DISEASE
The estimated prevalence of obstructive lung
disease (asthma or chronic obstructive lung
disease) was 7-7% (95% confidence interval

5 9% to 9.5%) (table 2). The estimated
prevalence ofspirometric airflow limitation was
4.5% (3d1% to 5 9%). There was no crossover
between asthma and chronic obstructive lung
disease. Spirometric airflow limitation was
observed in three subjects with asthma and 45
subjects with chronic obstructive lung disease.
Asthma was present in a third of those with
obstructive lung disease. The prevalence of
obstructive lung disease did not differ signifi-
cantly between the sexes (table 2). The
prevalence of asthma tended to decrease with
age, while those of chronic obstructive lung
disease and spirometric airflow limitation
increased heavily with age. The prevalence of
asthma did not vary significantly with smoking
habits, but chronic obstructive lung disease
and spirometric airflow limitation were two to
four times more common among smokers than
non-smokers. Both chronic obstructive lung
disease and spirometric airflow limitation were
more prevalent in urban than rural areas, but
this difference disappeared after adjusting for
age. The estimated prevalence of subjects with
a ratio of FEVy to FVC of <0 50, 0 50-0 59,
and 0-60-0-69 was 0-8%, 1 0%, and 4 1%
respectively in this general population aged
18-73. Overall, 12% had an FEVy less than
80% ofpredicted values (table 3). In those with
an FEVy to FVC ratio of < 0 70 and an FEV1
below 80% predicted there was no significant
sex difference in estimated prevalences at any
degree of airflow obstruction (table 3). The
prevalence of all degrees of airflow obstruction
was higher in the oldest age group than in the
youngest (table 3). Overall, 9 0% of the men
and 6-9% of the women had a restrictive
spirometric pattern (FEV,/FVC >0 70 and
FEV, <80%).

MULTIVARIATE RELATION OF AIRWAY DISEASE TO
SEX, AGE, AND SMOKING HABIT
The sex and smoking adjusted odds ratio for

Table 3 Estimated prevalences (percentages (SE)) of various indices of spirometric airflow limitation by sex and age
in general population aged 18-73 years of Bergen and 1) surrounding municipalities, 1987-8 (n = 1259)*

FEV, (% FEV,/FVC <0 70 FEV,FVC >0 70 Total
ofpredicted
values) t Men Women Men Women Men Women

Aged 18-44
<40 - 0-1 (0-1)
40-59 0 4 (0 2) 0-1 (0-1) - - 0 4 (0-2) 01(01)
60-79 1-9 (0 9) 0-6 (0 6) 5-4 (1-4) 5-8 (1-6) 7-3 (1-6) 6-4 (1-7)

,80 1-3 (0 6) 1-2 (0 6) 91-0 (1-7) 92-1 (1-8) 92-4 (1-6) 93-4 (1 7)
Total 3-6 (0 9) 2-0 (0 7) 96-4 (1-5) 97-9 (1-5) 100-0 99 9

Aged 45-73
<40 0-6(04) 0-2(02) - - 0-6 (02) 0-2(02)
40-59 4-8 (1-6) 2-3 (1-1) 1-0 (0 8) 0-9 (0 7) 5-8 (1-8) 3-2 (1-3)
60-79 3-8 (1-5) 5-8 (1-8) 13-1 (2-8) 7-5 (2-0) 16-9 (3-0) 13-3 (2-6)
80 2-4 (1-2) 0 9 (0-4) 74-2 (3-4) 82-4 (2 8) 76-6 (3 3) 83-3 (2 8)

Total 11-6 (1-8) 9-2 (1-7) 88-3 (2-1) 90-8 (2-2) 99-9 100-0
Aged 18-73

<40 02(0-1) 0-2(02) - 0-2 (0-1) 0-2 (02)
40-59 2-1 (0-7) 1-1 (0-5) 0 5 (0-3) 0-4 (0-3) 2-6 (0-8) 1-5 (0-6)
60-79 2-5 (0-8) 2-9 (0 9) 8-5 (1-4) 6-5 (1-3) 11-0 (1-6) 9-4 (1-5)

>80 1 9 (0-6) 1-1 (0-4) 84-2 (1-8) 87-9 (1-6) 86-1 (1-7) 89-0 (1-6)
Total 6-7 (1-2) 5-2 (1-0) 93-2 (1-7) 94-8 (1-7) 99.9 100-1

*Sixteen subjects were excluded from analyses on

spirometric test were not met.
tGulsvik."

spirometric airflow limitation because criteria for an acceptable
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Table 4 Adjusted odds ratios with 95% confidence intervalsfor asthma, chronic obstructive lung disease (COLD), and spirometric airflow limitation
by sex, age, smoking habit, and area of residence in general population aged 18-73y of Bergen and )I surrounding municipalities, 1987-8 (n = 714)

Spirometric airflow
Neither Odds ratio (95% limitationt
asthma confidence interval)

Asthma COLD nor COLD Yes No Odds ratio (95%
Variable (n = 33) (n = 52) (n = 629) Asthma COLD (n = 48) (n = 658)* confidence interval)

Sex:
Men 11 27 323 1 1 27 309 1
Women 22 25 306 1 9 (0 9 to 4 3) 0 9 (0 4 to 1-5) 21 349 0 7 (0 4 to 1-4)

Age (years):
18-34 16 3 243 1 1 6 254 1
35-54 14 13 219 09(04to 1 9) 49(1-4to 17-6) 9 234 1-7(0-6to48)
55-73 3 36 167 0-3 (0-1 to 09) 23-7 (6-9 to 81-3) 33 170 9 7 (3-8 to 24 5)

Smoking habit:
Non-smoker 13 7 261 1 1 11 266 1
Ex-smoker 6 18 142 1-0 (0 4 to 2 7) 4-1 (1-6 to 10-8) 16 150 1 9 (0-8 to 4 4)
Smoker 14 27 226 1 1 (0 5to2 5) 8-0(3-2to200) 21 242 2-9(1-3to6 6)

*Eight subjects were excluded because criteria for acceptable spirometric test were not met.
tFEV,/FVC <0 7, FEVy <80% of predicted values.15

asthma in the oldest age group was a third of
that in the youngest age group (table 4).
Otherwise, none of the independent variables
was significantly related to asthma in the logis-
tic regression analysis. Age and smoking
habits were independent predictors of chronic
obstructive lung disease and spirometric air-
flow limitation after adjusting for sex by logis-
tic regression analysis (table 4), although the
adjusted odds ratios for spirometric airflow
limitation tended to be lower than those for
chronic obstructive lung disease.

OCCUPATIONAL AIRBORNE EXPOSURE AND
AIRWAY DISEASE
Based on their present job, 3% of the popula-
tion aged 18-73 years (men 5% and women
1%) had a job with an anticipated high degree
of airborne exposure (AE + +), while 26%
(men 33%, women 20%) had a job with an
anticipated moderate degree of airborne
exposure (AE+). There was no difference in
the mean age of the subjects in the three
exposure groups. The prevalence of smokers
was higher in those with AE+ and AE+ +
jobs than in those with AE- jobs when
characterisation of exposure was based both
on the present job and on the longest job held.
An AE+ + job based on both present job

and longest job held was significantly
associated with obstructive lung disease
(asthma or chronic obstructive lung disease)
after adjusting for sex, age, and smoking habit
by logistic regression analyses (table 5), but it
did not predict spirometric airflow limitation
significantly. An AE+ job based on either
present job or longest job held did not sig-
nificantly predict obstructive lung disease or

spirometric airflow limitation. No interaction
between occupational exposure and smoking
habit was observed on a multiplicative scale.

Occupational exposure to one or more of
the agents and work processes was reported
by 57% of the men and 2% of the women and
exposure to more than five agents and work
processes by 4% of the men and none of the
women. For all agents and work processes
exposure was more often reported by men
than women and by smokers than non-smok-
ers. Only the lifetime prevalence of exposure
to asbestos increased with increasing age.
When the relation between the airway dis-

eases and occupational exposure to specific
agents and work processes was considered, the
adjusted odds ratios for obstructive lung dis-
ease or spirometric airflow limitation were
greater than one in all analyses (table 6).
Obstructive lung disease was significantly

Table 5 Adjusted odds ratios with 95% confidence intervals for obstructive lung disease and spirometric airflow limitation by occupational title of
presentjob andjob held longest in general population aged 18-73 of Bergen and )I surrounding municipalities, 1987-8 (n = 714)

Obstructive lung diseaset Spirometric airflow limitation§
Odds ratio Odds ratio (95%

Airborne exposure* Yes (n = 85) No (n = 629) (95% confidence interval)t Yes (n = 48) No (n = 658)11 confidence interval)t

Present job:
AE- 52 446 1 30 467 1
AE+ 25 166 1-4 (0-9 to 3-0) 15 169 1-2 (0-6 to 2 3)
AE++ 8 17 3-6(1-3to9-9) 3 22 1-4(03to5-2)

Job held longest:
AE- 43 387 1 27 404 1
AE+ 35 226 1-2 (0-7 to2-0) 18 236 1 1 (0-6 to2-1)
AE++ 7 16 2-5(1-1to5-9) 3 18 1-5(0-5to4-2)

*AE - no airborne exposure, AE+ moderate degree of airbome exposure, AE+ + high degree of airborne exposure.
tIncludes asthma and chronic obstructive lung disease (for definition, see text).
tAdjusted for sex, age and smoking habit.
§FEVI/FVC < 0-7, FEVJ <80% of predicted values."
IlEight subjects were excluded because criteria for acceptable spirometric test were not met.
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Table 6 Adjusted odds ratios with 95% confidence intervalsfor obstructive lung disease and spirometric airflow limitation by occupational exposure to
specific agents and work processes in general population aged 18-73 ofBergen and 1I surrounding municipalities, 1987-8 (n = 714)

Obstructive lung disease* Spirometric airflow limitation$
Odds ratio Odds ratio (95%

Yes (n = 85) No (n = 629) (95% confidence interval)t Yes (n = 48) No (n = 658)§ confidence interval)t

Asbestos 20 107 1-7 (0-7 to 3-9) 14 118 1-7 (0-7 to 3-9)
Quartz 12 50 2-3 (1-3 to 6-0) 7 53 1-8 (0-7 to 4-6)
Wood dust 9 38 1-8 (0-8 to 3-5) 5 34 1-5 (0-7 to 4-6)
Metal gases 17 69 2-3 (1-2 to 4-7) 9 69 1-3 (0-5 to 3-2)
Aluminiumll 9 31 2-7 (1-2 to 6-1) 4 35 1-5 (0-6 to 4-0)
Welding 16 68 2-2(1 1 to 4-8) 8 74 1-2(0-5 to 2-9)
Soldering 11 57 1-5 (0-7 to 3-3) 7 57 1-4 (0-5 to 3-7)

*Includes asthma and chronic obstructive lung disease (for definition, see text).
tAdiusted for sex, age and smoking habit.
$FEV,/FVC < 0-7, FEV, < 80% of predicted.'5
§Eight subjects were excluded because criteria for acceptable spirometric test were not met.
IlAluminium production and processing.

associated with quartz dust, metal gases, and
aluminium production and processing as well
as welding.
None of the exposures was significantly

related to spirometric airflow limitation after
adjusting for sex, age, and smoking habit. As
few young subjects had developed spirometric
airflow limitation, the relation of the agents and
work processes to spirometric airflow limitation
was re-examined only in those older than 50.
Asbestos and quartz exposure was significantly
associated with spirometric airflow limitation
after adjusting for sex, age (50-59, 60-73), and
smoking habit by logistic regression, the adjus-
ted odds ratio being 2-8 (11 to 7 3) in those
exposed to asbestos compared with those who
had not been exposed. The corresponding
figure for quartz exposure was 3 7 (1-2 to 11-0).

Discussion
Although various definitions have been used for
asthma and chronic obstructive lung disease,
confusion persists about terminology and
criteria.2' In addition, the diagnoses are subject
to considerable inter observer and intra
observer bias.'5 As written criteria for asthma
and chronic obstructive lung disease were
applied and only one physician made the diag-
nosis, any variation within the present study
should be small. Sampling bias could also affect
the estimates of prevalence. However, surveys
among the non-participants in the first"2 and
second phases ofthe study showedno difference
between participants and non-participants
regarding sex distribution, smoking habit, res-
piratory symptoms, and self reported
physician's diagnosis of asthma. The attenders
in the second phase were, however, significantly
older than the non-attenders (table 1).
However, a response rate of 100% would only
have changed the mean age of the attendants
from 42 years to 41 years.

In previous surveys abnormal spirometric
values have been characterised as FEV, < 80%
of predicted values,'4 22 and other studies have
used different cut off points.23 This fixed value
has no rational statistical basis in adults, alth-
ough some studies have shown that for adults of
average height and weight 80% of the predic-
ted value is close to the fifth centile.2' Use of a
fixed value may result in shorter, older subjects

being more readily classified as abnormal, while
taller, younger subjects may erroneously be
classified as normal.22 Defining a fixed ratio of
FEV, to FVC as the lower limit of normality
also has disadvantages because the ratio is
inversely related to age and is lower in men than
in women.'5
A community study in the county of Oslo,

Norway, in 1974 of 19 998 subjects used the
same diagnostic criteria for asthma and chronic
obstructive lung disease as we did and found
that 5-5% of the population aged 16-69 had
obstructive lung disease.'5 This is significantly
less than that observed in our study after
adjusting for sex, age, and smoking habit. The
mortality from obstructive lung disease (Inter-
national Classification of Diseases 490-6)
increased by about 30% and 60% from 1974 to
1988 in Hordaland and Oslo counties respec-
tively, being 60% higher in Oslo than in
Hordaland in 1988.2526 The ninth revision of
the International Classification of Diseases in
1986 influenced mortality only slightly. Given
that the relation between morbidity and mor-
tality is the same in Oslo and Hordaland, this
indicates that the prevalence of obstructive
lung disease in Oslo would be 12-3% in 1988.
A population study in Copenhagen in 1981-3

of 4746 subjects aged 40-59 years found
spirometric airflow limitation in 9-5% of the
men and 8'6% of the women (spirometric
airflow limitation being defined as FEV,/FVC
< 0 7 and FEVy < 80% of predicted values). If
we apply the Danish predictive values to our
subjects aged 40-59, the prevalence of
spirometric airflow limitation would be 4 5% in
men and 4-8% in women. This finding is
compatible with age adjusted mortality from
obstructive lung disease (International Clas-
sification of Diseases (eighth revision) 490-3)
since this was two to three times as common in
Copenhagen as in Hordaland in both sexes in
1985.27 28 The difference in prevalence of and
mortality from obstructive lung disease may
partly be because the prevalence of ever-
smokers in Denmark is 80%29 and in Norway
60% .30
Asthma tended to be more frequent in

women than in men, and in younger than in
older people. This is consistent with our
observation that the prevalence of bronchial
responsiveness to methacholine in this popula-
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tion is twice as high in women as in men.3' The
prevalence of FEV, adjusted bronchial respon-
siveness decreases with age.3' This may be
because changes in bronchomotor tone and
bronchial smooth muscle with age reduce the
capacity for bronchoconstriction in older com-
pared with younger subjects, given an identical
FEV,. The prevalence of neither chronic ob-
structive lung disease nor spirometric airflow
limitation differed significantly between men
and women in our study. The absence of a sex
relation was also observed in studies in Den-
mark'4 and Australia23 but not in Finland,32 the
United States,33 and France,7 in which chronic
obstructive lung disease was reported to be
more common in men than women. This
variation in disease prevalence by sex between
studies may reflect dissimilarities in sex and age
composition of the study populations. The
studies in which no sex difference has been
found are those that show the least difference in
smoking habits between men and women,
supporting the view that smoking is the main
risk factor for obstructive lung disease.
This study showed that occupational title

may be a risk factor for obstructive lung
disease. Occupational title has previously been
related to lung cancer in general population
surveys in Norway.3435 A French community
study of 16 464 subjects aged 25-59 years
found that self reported exposure to dust,
gases, or chemical fumes increased the odds for
respiratory symptoms by about 1-5
(p < 0-01).' A study of 8515 subjects aged 25-
74 in six American cities found an increased
risk of similar magnitude for the associations of
dust, gases, and fumes with respiratory symp-
toms and chronic obstructive lung disease
(defined as FEVI/FVC < 06).6 An Italian com-
munity study of 3289 subjects aged > 18 found
a relation between the single breath N2 test,
which is thought to reflect small airway state,
and dust exposure in male smokers.36 In a
Norwegian population based case-control
study of 108 men Kjuus et al found that
workers in jobs where there was pollution had a
three times higher risk of having emphysema
than employees in clean jobs after age and
smoking habit were adjusted for (polluting jobs
were defined as those in which workers were
regularly exposed to inhaled dust, vapours, or
aerosols in their daily work).37 On the basis of
data from the questionnaire survey of this
study we found that subjects reporting past or
present occupational exposure to dust or gas
had about a two times higher odds ratio for
having respiratory symptoms than unexposed
subjects after controlling for sex, age, smoking
habits, and area of residence (urban or rural).38
These associations, observed in different
populations and by different study methods,
support the hypothesis that there is a causal
relation between occupational airborne
exposure and obstructive lung disease. In this
study there was a strong relation between
AE + + jobs and obstructive lung disease, the
adjusted odds ratio being 3-6 (table 5).
However, as only 3% of the population held an
AE+ + job, the effect of eliminating airborne
exposure in these jobs on disease prevalence in
the community will be limited.

All the agents and work processes in our
study have previously been associated with
obstructive lung disease in occupational
groups,'8 394' but only asbestos,4 quartz4 (S
Humerfelt et al, 35th Nordic congress of
pneumonology, Turku, 1990), and wood dust4
have been associated in community surveys.
Interpretation of our findings should be
cautious because of the small number of
subjects in each group, the high interdepen-
dence between several of the agents, and the
unknown validity of the information on
occupational exposure to the agents and work
processes. The agents and work processes
identified as risk factors for obstructive lung
disease may be only crude estimates of an
unhealthy work environment. For example,
subjects exposed to aluminium dust may also
be exposed to other agents used to produce and
process aluminium42-for example, fluorides
and sulphur dioxide-which have been shown
to be related to obstructive lung disease.'8
The relation ofoccupational exposures to the

clinical diagnosis of obstructive lung disease
was stronger than that to spirometric airflow
limitation. The small number of subjects with
spirometric airflow limitation suggests cautious
interpretation of this finding. Subjects with
obstructive lung disease included those with
asthma so this finding may be because the level
ofoccupational exposure in the general popula-
tion is extensive enough to cause reversible
airflow limitation and airway symptoms but not
persistent airflow limitation. Theoretically, the
finding could also be explained by selection by
death from airflow obstruction in highly
exposed subjects.
The validity of the observed exposure-

disease associations may have been biased by
several factors. Firstly, stratification by asthma
and emphysema could bias the exposure-dis-
ease relation if exposed subjects report asthma
or emphysema more readily than non-exposed
subjects. However, this misclassification would
be detected in the clinical examination. On the
other hand, if truly diseased subjects tend to
over report exposure compared with healthy
subjects this would bias the results towards an
association.

Secondly, occupational titles are only crude
indicators of working conditions. Airborne
exposures in the same occupation may vary
considerably between individuals, over time,
and between different workplaces. The con-
sequent misclassification of exposure state
would probably be non-differential with respect
to disease state, and therefore tend to under-
estimate the true exposure-disease relation.
Thirdly, the relation may be affected by recall
bias. The accuracy of the data may decrease
with the length of time since a job was held.
However, a recent Swedish community study
of8870 subjects compared occupational history
obtained from retrospective interview ques-
tionnaires with occupational information
provided by censuses.43 Although the quality of
occupational information was best for recent
jobs, it did not worsen significantly for jobs held
up to 25 years back in time. Finally, socioecon-
omic state has been associated with both
occupational exposure67 and respiratory dis-
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orders7 and may therefore confound the
exposure-disorder association. However, when
socioeconomic state, based on formal educa-
tion, was added to the logistic regression
analysis in our study the exposure-disorder
relationships were weakened only slightly
without affecting significance.
This community study in northwestern

Europe shows that obstructive lung disease is a

common disorder affecting more than one in 15

adults. It indicates that occupational airborne
exposure in addition to smoking is an environ-
mental risk factor for the disease.

This study was funded by the Royal Norwegian Council for

Scientific and Industrial Research, the Norwegian Research

Council for Science and the Humanities, the Norwegian Asthma
and Allergy Association, and the Confederation of Norwegian
Business and Industry.

Professors Tor Norseth and Rolf Hanoa and occupational

hygienist Niri Orlien allocated the occupations into the three

exposure categories.

1 Ayres JG. Trends in asthma and hay fever in general practice
in the United Kingdom 1976-83. Thorax 1986;41:111-6.

2 Thom TJ. International comparison in COPD mortality.
Am Rev Respir Dis 1989;140:S27-34.

3 Lebowitz MD. The trends in airway obstructive disease
morbidity in the Tucson epidemiological study. Am Rev
Respir Dis 1989;140:S35-41.

4 Lebowitz MD. Occupational exposures in relation to symp-

tomatology and lung function in a community population.
Environ Res 1977;14:59-67.

5 Krzyzanowski M, Jedrychowski W, Wysocki M. Factors
associated with the change in ventilatory function and the
development of chronic obstructive pulmonary disease in
a 13-year follow-up of the Cracow study. Am Rev Respir
Dis 1986;134:1011-9.

6 Korn RJ, Dockery DW, Speizer FE, Ware JH, Ferris BG Jr.
Occupational exposures and chronic respiratory symp-

toms. A population based study. Am Rev Respir Dis
1987;136:298-304.

7 Krzyzanowski M, Kauffmann F. The relationship of res-

piratory symptoms and ventilatory function to moderate

occupational exposure in a general population. Results
from the French PAARC study of 16000 adults. Int J
Epidemiol 1988;17:397-406.

8 Heederik D, Pouwels H, Kromhout H, Kromhout D.
Chronic non-specific lung disease and occupational
exposures estimated by means of a job exposure matrix:
the Zutphen study. Int J Epidemiol 1989;18:382-9.

9 Central Bureau of Statistics of Norway. Population and
housing census 1980: employment statistics. Oslo: Statistisk
Sentralbyra, 1983.

10 Central Bureau of Statistics of Norway. Income statistics
1987. Oslo: Statistisk Sentralbyra, 1989.

11 Central Bureau of Statistics of Norway. Population statistics
1990. Vol III. Oslo: Statistisk Sentralbyra, 1991.

12 Bakke P, GulsvikA, Lilleng P, Overa 0, Hanoa R, Eide GE.
A postal survey on airborne occupational exposure and
respiratory disorders in Norway: causes of and conse-

quences of non-response. J Epidemiol Community Health
1990;44:316-20.

13 Armitage P, Berry G. Statistical methods in medical research.
2nd ed. Oxford: Blackwell Scientific, 1987.

14 Lange P, Groth S, Nyboe J, Appleyard M, Mortensen J,
Jensen G, Schnohr P. Chronic obstructive lung disease in
Copenhagen: cross-sectional epidemiological aspects. J
Intern Med 1989;226:25-32.

15 Gulsvik A. Obstructive lung disease in an urban population.
[Thesis.] Oslo: Reprografisk Industri A/S, 1979.

16 Quanjer PH. Standardised lung function testing. Clin Respir
Physiol 1983;19(suppl 5):22-7.

17 InternationalLabourOffice. Internationalstandard classifica-
tion of occupations. Geneva: ILO, 1969.

18 Parkes WR. Occupational lung disorders. 2nd ed. London:
Butterworth, 1982.

19 Bjartveit K, Foss OP, Gjervig T. The cardiovascular
diseases in Norwegian counties. Acta Med Scand
1983;675(suppl):1-184.

20 Dixon JW, ed. BMDP statistical software manual. Berkeley,
California: University of California Press, 1985.

21 Samet JM. Definitions and methodology in COPD research.
In: Hensley MJ, Saunders NA, eds. Clinical epidemiology
of chronic obstructive pulmonary disease. New York: Marcel
Dekker 1989:1-22.

22 Miller A, Thornton JC. The interpretation of spirometric
measurements in epidemiologic surveys. Environ Res
1980;23:444 68.

23 Peat JK, Woolcock AJ, Cullen K. Decline of lung function
and development of chronic airflow limitation: a longi-
tudinal study of non-smokers and smokers in Busselton,
Western Australia. Thorax 1990;45:32-7.

24 Knudson RJ, Lebowitz MD, Holberg CJ, Burrows B.
Changes in the normal maximal expiratory flow-volume
curve with growth and aging. Am Rev Respir Dis
1983;127:725-34.

25 National Bureau of Statistics of Norway. Causes of death
1974. Oslo: Statistisk Sentralbyra, 1976.

26 National Bureau of Statistics of Norway. Causes of death
1988. Oslo: Statistisk Sentralbyra, 1990.

27 National Bureau of Statistics of Norway. Causes of death
1985. Oslo: Statistisk Sentralbyra, 1987.

28 Copenhagen's Statistical Office. Copenhagen statistical year
book. Copenhagen: Danish Statistical Office, 1987.

29 Nielsen PE, Zacho J, Olsen JA, Olsen CA. hndringer i
danskernes rygevaner 1970-87. (Alterations in the Danes'
smoking habits in the period 1970-87). Ugeskr Laeger
1988;38:2229-33. (English abstract.)

30 Bakke P, Gulsvik A, Eide GE, Hanoa R. Smoking habits and
lifetime occupational exposure to gases or dusts, including
asbestos and quartz, in a Norwegian community. Scand J
Work Environ Health 1990;16:195-202.

31 Bakke P, Baste V, Gulsvik A. Bronchial responsiveness in a
Norwegian community. Am Rev Respir Dis 1991;143:
317-22.

32 Huhti E, Ikkala J. A 10-year follow-up study of respiratory
symptoms and ventilatory function in a middle-aged rural
population. Eur J Respir Dis 1980;61:33-45.

33 Higgins MW, Keller JB, Landis R. Risk of chronic obstruc-
tive pulmonary disease. Collaborative assessment of the
validity of the Tecumseh index of risk. Am Rev Respir Dis
1984;130:380-5.

34 Kvale G, Bjelke E, Heuch I. Occupational exposure and lung
cancer risk. Int J Cancer 1986;37:185-93.

35 Kjuus H, Skjzerven R, Langird S, Lien JT, Aamodt T. A
case-referent study of lung cancer, occupational exposures
and smoking. Scand J Work Environ Health 1986;12:
193-202.

36 Prediletto R, Viegi G, Paoletti P, Di Pede F, Carrozzi L,
Carmignani G, Giuntini C. Effects of occupational
exposure on respiratory symptoms and lung function in a
general population sample [abstract]. Am Rev Respir Dis
1987;135:A342.

37 Kjuus H, Istad H, Langard S. Emphysema and occupational
exposure to industrial pollutants. Scand J Work Environ
Health 1981;7:290-7.

38 Bakke P, Eide GE, Hanoa R, Gulsvik A. Occupational dust
or gas exposure and prevalences of respiratory symptoms
and asthma in a general population. Eur Respir J
1991;4:273-8.

39 Manfreda J, Sidwall G, Maini K, West P, Cherniack RM.
Respiratory abnormalities in employees of the hard rock
mining industry. Am Rev Respir Dis 1982;126:629-34.

40 Ohlson C-G Bodin L, Rydman T, Hogstedt C. Ventilatory
decrements in former asbestos cement workers: a four year
follow up. Br J Ind Med 1985;42:612-6.

41 Chang-Yeung M, Lam S. Occupational asthma. Am Rev
Respir Dis 1986;133:686-703.

42 Kongerud J, Gronnesby JK, Magnus P. Respiratory symp-
toms and lung function of aluminium potroom workers.
Scand J Work Environ Health 1990;16:270-7.

43 Ostlin P. Occupational career and health. Stockholm:
Graphic Systems AB, 1989.

870


